Introduction
Approximately 1%-6% of the general population has unrecognized myocardial infarction (UMI). 1 People with UMI have higher risk for mortality and cardiovascular events than people without myocardial infarction (MI); in many populations, the risk of death and cardiovascular events associated with UMI is similar to recognized MI (RMI).
and treatment targets recommended in RMI may also be beneficial in UMI. Aspirin, beta blockers, renin-angiotensin blockade with angiotensin converting enzyme inhibitors or angiotensin receptor blockers (ACEI/ARBs), and statins reduce the risk for subsequent cardiovascular events in people with a history of MI. 16, 17 Treatment guidelines emphasize the use of these medications in patients with MI, 16, 17 and appropriate prescription is used as a quality-of-care metric. 18, 19 People with UMI may receive treatment with cardioprotective medications due to the presence of other risk factors or because of physician recognition of the MI, despite the MI going unrecognized by the patient. However, if a substantial proportion of individuals with UMI are not taking aspirin, beta blockers, ACEI/ARBs, and statins, and blood pressure and low-density lipoprotein (LDL) cholesterol are not controlled, an opportunity to prevent further cardiovascular disease (CVD) and delay mortality may be missed. Therefore, the prevalence of aspirin, beta blocker, ACEI/ARB, and statin use and risk factor control among people with UMI as compared to individuals with no MI and RMI was examined using data from the REasons for Geographic And Racial Differences in Stroke (REGARDS) study population. Factors associated with the use of these medications among participants with UMI were also examined.
Methods

Study population
Participants in the REGARDS study were recruited between January 2003 and October 2007 to investigate differences in stroke mortality by race and US geographic region among adults $ 45 years of age. Potential participants were identified using commercially available lists with the goal of equal representation of male and female, black and white participants. Geographically, participants were recruited to obtain a population with 20% residing in coastal North Carolina, South Carolina, and Georgia (Stroke Buckle), 30% from the remaining areas of North Carolina, South Carolina, and Georgia plus Tennessee, Mississippi, Alabama, Louisiana, and Arkansas (Stroke Belt), and 50% from the other 40 contiguous US states and the District of Columbia. Overall, 30,239 black and white individuals were enrolled. Detailed information on the study design and procedures has been reported elsewhere. 20 The current cross-sectional analyses were limited to participants with a twelve-lead electrocardiogram (ECG) assessment, which was added to the study protocol in May 2004 (n = 21,152). Individuals missing information on self-reported prior MI were excluded (n = 116), leaving 21,036 participants eligible for these analyses. This study protocol conforms to the ethical guidelines of the 1975 Declaration of Helsinki. The REGARDS protocol was approved by the institutional review boards governing human subject research at all participating centers, and all participants provided informed consent.
Data collection
Sociodemographic, clinical, and risk factor data were collected by a computer-assisted telephone interview, an in-home visit and physical examination conducted by trained personnel, and self-administered questionnaires. During the in-home visit, two seated resting blood pressure measurements were taken using a standard aneroid sphygmomanometer, and the values were averaged. 20 Blood pressure readings were centrally monitored for digit preference, and technicians received additional training if necessary. 20 Blood specimens were collected, processed, and shipped to a central laboratory. Total cholesterol, high-density lipoprotein cholesterol, and triglycerides were measured using colorimetric reflectance spectrophotometry, LDL cholesterol was calculated from the Friedewald equation, and estimated glomerular filtration rate was calculated using the Chronic Kidney Disease Epidemiology Collaboration equation. 21 Participants with systolic blood pressure , 140 mmHg and diastolic blood pressure , 90 mmHg were considered to have controlled blood pressure. 22 The National Cholesterol Education Program Adult Treatment Panel III recommends LDL cholesterol , 100 mg/dL for patients with coronary heart disease with an optional treatment target of ,70 mg/dL for those at particularly high risk. 23 LDL cholesterol control was evaluated using both treatment targets. Regular source of care was determined by asking if participants had a health care provider that provided usual medical care. Diabetes status was determined by self-report of diabetes, any medication use for diabetes, or elevated glucose levels (fasting glucose $ 126 mg/dL or non-fasting glucose $ 200 mg/dL). The four US Census Bureau regions -South, Northeast, Midwest, and West -were used to categorize participants' residence.
UMi and RMi
Self-report of a previous diagnosis of MI by a physician and baseline study ECG evidence of prior MI were used to classify MI status as no MI, UMI, or RMI. The twelve-lead ECG was recorded at the standard 25 mm/second speed, calibrated to 10 mm = 1 mV, and independently read and coded using the Minnesota Code (MC) system 24 Salem, NC, USA). RMI was defined by self-report of history of MI. Among participants without RMI, those who had ECG evidence of MI were classified as having UMI. ECG evidence of MI was defined as presence of major Q/QS wave abnormalities (MC 1-1-X through 1-2-X) or smaller Q/QS wave abnormalities (MC 1-3-X) plus major ST-segment or T-wave abnormalities (MC 4-1, 4-2, 5-1, or 5-2). In a sensitivity analysis, participants with a self-reported history of coronary artery revascularization, peripheral arterial revascularization, abdominal aortic aneurysm, carotid artery revascularization, or stroke were grouped with participants with RMI to form a recognized CVD group. Q-wave MIs which were diagnosed by a physician but were not effectively communicated to or were denied by the patient are considered UMIs in this study. As part of the REGARDS protocol, participants with evidence of acute medical conditions during the in-home exam were contacted within 2 days, and all other participants received letters 6-8 weeks following the home visit with a summary of the examination results. 20 Participants with serious ECG abnormalities such as Q-waves were advised in the letters to seek medical attention in the near future. 20 
Medication use
During the telephone interview, participants were asked whether they used aspirin or aspirin-containing products two or more times per week. Participants who answered yes to this question were considered aspirin users. Beta blocker, ACEI, ARB, and statin use was determined by a review of pill bottles by trained personnel during the in-home visit. ACEI and ARB were grouped for this analysis. In sensitivity analyses, participants who used clopidogrel, determined from the pill bottle review, were grouped with aspirin users.
Statistical analysis
Statistical analysis was conducted using Stata ® 11.2 (StataCorp LP, College Station, TX, USA). Proportions, means, and standard deviations were calculated for baseline characteristics by MI status. Prevalence of use of aspirin, beta blocker, ACEI/ ARB, and statins and use of one or more, two or more, three or more, or all four of these medications was calculated by MI status. Prevalence ratios for medication use by MI status adjusted for age, race, and sex using Poisson regression models with empirical variance estimation were calculated. 25, 26 Prevalence ratios are recommended for common outcomes; 27 the interpretation is similar to the interpretation of odds ratios. These analyses were repeated comparing groups with no known CVD, UMI, and known CVD. Next, prevalence ratios adjusted for age, race, and sex comparing blood pressure control (defined as systolic , 140 mmHg and diastolic , 90 mmHg) and LDL cholesterol control (defined as ,100 mg/dL or alternately as ,70 mg/dL) among participants with UMI and RMI were calculated. Finally, the association of sociodemographic and clinical risk factors with the use of cardioprotective medications among participants with UMI was evaluated using prevalence ratios from Poisson regression models with empirical variance estimation adjusted for age, race, and sex. Missing information on correlates of medication use was imputed by chained equations with the "ice" program in Stata. 28 Five data sets were imputed, the results from each data set were averaged, and the confidence intervals and P-values were calculated accounting for uncertainty in the imputed estimates.
29 P , 0.05 was considered statistically significant.
Results
Of 21,036 study participants, 949 had UMI (4.5% of the population and 38% of all MIs). Characteristics of the Table 1 . Participants with UMI were, on average, older than those with no MI and younger than those with RMI. The proportion of participants with UMI who were women, had diabetes, had reduced estimated glomerular filtration rate, and were current cigarette smokers was intermediate between the proportions among participants with no MI and RMI. The use of aspirin, beta blockers, ACEI/ARBs, and statins among participants with UMI was more similar to those with no MI than RMI ( Figure 1 and Table 2 ). The prevalence of use of one or more, two or more, three or more, and all four medications in people with UMI was slightly higher than the prevalence among individuals with no MI and lower than the prevalence among individuals with RMI. After adjusting for age, race, and sex, the difference in the prevalence of aspirin use between people with UMI and people with no MI was no longer statistically significant (P = 0.09). For all other comparisons, the prevalence of medication use differed significantly across MI status. When aspirin and clopidogrel were grouped together, the prevalence of use was 39.6% in participants with no MI, 46.2% in participants with UMI, and 79.2% in participants with RMI group. Prevalence ratios for aspirin or clopidogrel were similar to aspirin only (the prevalence ratio for UMI compared to no MI = 1.07 [95% confidence interval 1.00-1.15] and RMI compared to no MI = 1.74 [95% confidence interval 1.68-1.80]).
Seventeen percent (n = 157) of the participants with UMI and 10% (n = 1756) of the participants with no MI had other known CVD. When these participants were grouped together with RMI, the use of medications among individuals with UMI was more similar to the no CVD than the known CVD group (Table 3) .
Seventy-two percent of participants with UMI had blood pressure , 140/90 mmHg as compared to 74% of participants with RMI (adjusted prevalence ratio for RMI compared to UMI = 1.03 [95% confidence interval 0.93-1.13]) (Table 4) . Thirty-nine percent of participants with UMI had LDL cholesterol , 100 mg/dL compared to 55% of participants with RMI (adjusted prevalence ratio for RMI compared to UMI = 1. Among participants with UMI, older participants and those with diabetes were more likely to be taking all four medications in age-, race-, and sex-adjusted models (Figure 2 ). Black participants were more likely to take ACEI/ARBs and less likely to take aspirin. Women were also less likely to take aspirin. Education was inversely associated with aspirin, and participants with a regular source of medical care were more likely to take ACEI/ARBs and statins. When the potential correlates of medication use were included in the model simultaneously, the associations were similar. However, the associations of race with ACEI/ ARB use, education with aspirin use, and regular source of medical care with ACEI/ARBs were no longer statistically significant (not shown).
Discussion
In the current study, cardioprotective medication use among participants with UMI was slightly more common than among participants with no MI. However, participants with UMI were substantially less likely than those with RMI to take aspirin, beta blockers, ACEI/ARBs, and statins. Participants with UMI were less likely to have controlled LDL cholesterol than those with RMI, although the proportions with controlled blood pressure were similar. These findings suggest that there is a treatment gap between the use of cardioprotective medications in people with UMI and RMI. Among participants with UMI, the prevalence of cardioprotective medication use varied by participant characteristics. Older individuals and those with diabetes were more likely to use all of the cardioprotective medications studied, while female and black participants were less likely to use aspirin. Information on medication use in UMI is sparse, and most prior studies have focused on clinic-based populations. In one study of 462 people with known stable coronary artery disease, medication use was similar in those with and without UMI. 4 However, in other populations, medication use varied by MI status. For example, in a study of individuals with suspected coronary artery disease, those with UMI were more likely to take beta blockers, ACEI, and aspirin than those without MI. 30 People with type II diabetes and UMI were less likely to receive antihypertensive and lipid-lowering therapy than those with RMI. 31 In a population-based study in Iceland, men with UMI were less like to receive antihypertensive treatment than men with RMI, although the difference was not statistically significant. 11 The current study, conducted in the general population, extends these prior results to reflect medication use in a contemporary, community-based cohort of individuals with UMI.
In many but not all studies, people with UMI and RMI had similar risks of mortality and cardiovascular events, and people with UMI had elevated risk compared to people without MI. 11, [30] [31] [32] Lack of treatment with secondary prevention medications may contribute to the elevated risk of mortality and cardiovascular events in UMI. Because UMI is thought to result from the same pathophysiology as RMI, 6 aspirin, beta blockers, ACEI/ARBs, and statins may have similar effects in UMI and RMI. However, there is little information on the effectiveness of medications among people with UMI. In one small observational study of people undergoing noncardiac vascular surgery, use of beta blockers and statins was associated with lower rates of death in participants with UMI. 8 Routine ECG screening which could detect UMI is not recommended by the US Preventive Services Task Force or the National Physicians Alliance. 33, 34 However, the American Heart Association and American College of Cardiology consider ECG screening "reasonable" in asymptomatic people with hypertension or diabetes, and state that ECG "may be considered" in asymptomatic people without hypertension or diabetes. 35 A recent systematic review found no studies which examined the benefits of ECG screening and only two studies examining harms. 15 Definitions of UMI have varied across studies. In the current study, UMI was defined as evidence of MI on ECG in the absence of a self-reported MI. This definition considers UMI from the patient rather than the provider perspective. Self-report of MI is known to be prone to both under-and overreporting compared to medical records. 36, 37 In some cases that were considered to be UMI, the participant's physician may have been aware of the MI. This could explain 
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Prevalence ratio medication use in some individuals classified as UMI. However, the participant's perspective also could influence the use of recommended medications and the care provided. For example, when a patient sees a new primary care physician, previous medical records are not always available and the initiation and continuation of treatments may be based on self-reported medical history. Strengths of this study include the large, diverse communitybased sample, the centralized ECG reading by trained staff, the collection of a large number of correlates of medication use, and the pill bottle review by trained technicians for use of ACEI/ARBs, beta blockers, and statins. However, there are several important limitations. The individuals who chose to participate in REGARDS may not be representative of the general population. Like most studies of UMI, Q-waves were relied on for case-detection; however, Q-waves have high specificity, but low sensitivity for MI. 1 In a large proportion of people with clinically diagnosed MI, Q-waves do not develop, 38 and Q-waves which do develop may resolve over time. 6, 39 In populations with both ECG and cardiac magnetic resonance imaging with contrast, the prevalence of ECG-detected UMI was substantially lower than the prevalence of magnetic resonance imaging-detected UMI. 2, 40, 41 The REGARDS study protocol did not include magnetic resonance imaging, angiography, or other tests for CVD. The study was not able to distinguish between participants who had a physician diagnosis of MI but did not report it and those whose MI was never diagnosed. Previous studies have estimated that between 1%-6% of the submit your manuscript | www.dovepress.com Dovepress Dovepress population has UMI; 1 4.5% of the REGARDS participants had UMI. However, approximately 20% of MIs that occur in the US are thought to be unrecognized compared to 38% in REGARDS, 42, 43 which may represent underreporting of history of MI rather than undiagnosed MIs. Although differences in medication use by diabetes status among people with UMI were found, the impact of glycemic control was not able to be examined. Guidelines do not recommend identical treatment for all people with MI, 16, 17 but complete information on indications and contraindications for the medications studied was not available. Therefore, it could not be determined how much of the difference in the use of medications between people with RMI and UMI was medically appropriate.
Conclusion
In conclusion, these data show that treatment with aspirin, ACEI/ARBs, beta blockers, and statins is less common in people with UMI than their counterparts with RMI. People with UMI were also less likely than those with RMI to have controlled LDL cholesterol. Treatment was even less likely in people with UMI but without the major CVD risk factors of diabetes and older age. This less intensive treatment may contribute to the elevated risk of mortality and cardiovascular events associated with UMI. Detecting UMI may offer an opportunity for therapeutic interventions.
